Abstract. In rats infected with different worm burdens of Angiostrongylus cantonensis, the loss of body weight was proportional to the increasing dose of infection. Body weight was correlated inversely with female worm burden (r = -0.669), the sum of mean numbers of larvae per gram of faeces (LPG) (r = -0.527) and lung weight (r = -0.761). Lung weight was positively correlated with female worm burden (r=0.785) and the sum of mean numbers of LPG (r=0.685). On the other hand, in rats infected with larvae developed from gamma-irradiated first-stage larvae (Experiment B) or infected rats treated with the drug ivermectin (Experiment C), body weight was inversely correlated with the sum of mean numbers of LPG (r = --0.798, Experiment B; r = --0.670, Experiment C) and lung weigth (r=-0.862, Experiment B; r= -0.812, Experiment C), but not with female worm burden. Furthermore, lung weight was positively correlated with the sum of mean numbers of LPG (r = -0.783, Experiment B; r = 0.899, Experiment C), but not with the female worm burden. From these results, it is concluded that in the later pulmonary phase of infection in rats the pathogenic effects may be closely related to the increasing number of first-stage larvae produced by female worms.
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Interest has also been directed to the development of chemotherapeutic drugs for the disease caused by A. cantonensis (Cuckler etal. 1965; Nishimura 1965/66; Jindrak and Alicata 1969; L/immler and Weidner 1975; Hayashi et al. 1982; Ishii etal. 1983 Ishii etal. , 1985 Maki and Yanagisawa 1983) . Fairly recently, in experimental chemotherapy using rats infected with this parasite, it was found that the body weight was conspicuously restored by effective drugs; thus, the body weight may be one of the criteria for measuring the efficacy of drugs. In this respect, fundamental studies on the relationship between changes in body weight and lesions in lungs due to this parasite seem important. Thus, the present experiments were undertaken to obtain detailed information on the pathogenic factors in the later pulmonary phase of infection, in association with body weight loss which might lead to the death of the host rat.
Angiostrongylus cantonensis is well-known as an aetiologic agent of epidemic eosinophilic meningitis (Alicata 1962) . Although the histopathological changes in the earlier phase of infection have been well-studied for the brain of the normal host rat and abnormal mammalian hosts, pathogenic action in the lungs of rats in the later pulmonary phase has been less studied. In the latter phase, the body weight loss of infected host rats has also not been adequately studied though many papers
Materials and methods
Infection. Four-week-old male Wistar albino rats were used as the definitive host. Infective third-stage larvae of Angiostrongylus cantonensis (Hawaiian strain) were obtained from experimentally-infected snails, Biomphalaria glabrata (Puerto Rican strain), by artificial digestion using 0.2% pepsin in 0.7% HC1 for 1 h at 37 ~ In experiment A, the relationships between the different worm burdens and their effects on rats were examined. Each of three infected groups consisting of 15 rats and one of 24 rats received 5, 10, 20 or 40 third-stage larvae per rat. Ten rats were used as a non-infected group. Autopsy of surviving rats in all groups was carried out for 30 weeks post-infection. In experiment B, the relationships between the infection with gamma-irradiated larvae and its effects on rats were examined. Three suspensions of first-stage larvae in plastic tubes were each exposed to 500 R, 1000 R or 5000 R gamma-radiation. The fourth suspension was not irradiated. The source of gamma-radiation was a cobalt-60 teletherapy apparatus (RI-103D3, Toshiba). The snails were exposed to either irradiated or non-irradiated larvae. The groups consisted of 8, 9, 10 and 8 rats which received 40 third-stage larvae developed from 0 R, 500 R, 1000 R and 5000 R irradiated first-stage larvae, respectively. Five rats were used as a non-infected group. Surviving rats were killed 30 weeks after infection.
In experiment C, the relationships between the worm infection treated with ivermectin and its effects on rats were examined. The drug ivermectin (MK-933, L-640, 471-00W; Merck Sharp and Dohme Research Laboratories) was dissolved in propylene glycol for administration to rats. It was reported that this drug did not affect the weight of non-infected rats . Rats were given 40 third-stage larvae and divided into 3 groups of 7 rats. Four rats were used as a non-infected group. Experimental groups were treated once (Ta) or three times (T2) with the drug, e.g. T1 treatment 5 weeks post-infection, T2 treatment 5, 10 and 15 weeks post-infection, each time with 2 mg/kg orally. The untreated group received an equivalent volume of vehicle only. Surviving rats were killed 20 weeks after infection.
After being starved for 12 h, the rats were weighed then killed by cutting the carotid arteries under ether anaesthesia. The lung and heart were removed from the thoracic cavity and examined for gross pathological lesions. The lung and heart were weighed, and the number of worms was recorded. After worm recovery, the lung tissues were used for histological observations with hematoxylin and eosin staining.
Sampling and larval counts. Rat faeces were first examined 6 weeks after infection and thereafter at weekly intervals. Larval count was carried out by the method reported by Kino (1984) , with minor modifications. The number of larvae per gram of dry weight faeces (LPG) was calculated by multiplying the number per unit of fresh faeces by appropriate wet-dry ratio conversion factors which ranged from 2.3 to 5.2 depending on the water content. To examine any differences in the larval output in each group, the sum of mean of 3 counts from 1 faecal sample from 6 weeks post-infection to the time of death was defined as an index of larval output.
Statistical analysis.
The mean values were compared by the Student's t-test. Correlation of measurements including body weight, weight of viscera at autopsy, worm recovery and the sum of mean LPG was carried out for each experiment.
Results
Experiment A. The results of rat body weight at autopsy, the wet weight of rat viscera, worm recovery and the sum of mean LPG in each group are summarized in Table 1 . Of 15 rats given 5 infective larvae of Angiostrongylus cantonensis, 9 developed an established bisexual infection. In proportion to the increasing dose of infection, a gradual suppression of body weight gain was observed. In the 40-larvae-infected group, a significant decrease in mean body weight was observed from 26 weeks after infection (Fig. 1) . At autopsy, there was a significant difference in mean body weight between the non-infected and infected groups, except for the group that received five larvae. Autopsy showed that in heavily-infected groups, on the whole, the lungs became hardened and the gross lesion became enlarged (Fig. 2) . In the five-larvaeinfected group, external pathological change was restricted to the lower part of the diaphragmatic lobe. In the ten-larvae-infected group, the gross lesion extended to the lower part of the left lobe. In the 20-and 40-larvae-infected groups, gross lesions were observed mostly in the diaphragmatic, left and intermediate lobes. Some rats in these groups had lesions even in the cardiac and apical lobes. Histological observations showed that the infected parts of the lung had a firm, cartilaginoid appearance and consistency; fibrous tissue with a few first-stage larvae was found (Fig. 3) . In another part of the same lobe, large numbers of nodules containing many developing eggs and larvae were scattered through the lung parenchyma. The wet weight of lungs in each infected group was significantly different from that in the non-infected one. There was a significant difference in the heart wet weights of the 40-larvae-infected and the noninfected groups. Correlation of measurements including body weight, weight of viscera at autopsy, worm recovery and the sum of mean LPG was examined (Table 2). The worm burden decreased the body weight gain of host rats ( r ---0 . 5 8 8 ) . Furthermore, the number of female worms showed a high inverse correlation with body weight (r = -0.669). There was also an inverse correlation between the sum of mean LPG and body weight ( r = -0.527). A better inverse correlation was found between the weight of lungs and the body ( r = -0 . 7 6 1 ) than between the weight of lungs with heart and body weight. Therefore, lung weight was used for subsequent analysis of the correlation between other pa- Experiment B. Table 3 includes the results of infection with irradiated larvae and lists body weight, wet weight of rat viscera, worm recovery at autopsy and the sum of mean LPG. In proportion to the increasing dose of gamma-irradiation, rats infected with irradiated larvae gained more weight Rats were given 40 third-stage larvae and killed 20 weeks post-infection. Each value represents the group mean _+ SD a T1 treatment group 5 weeks post-infection; T2 treatment group 5, 10, 15 weeks post-infection, each time given 2 mg/kg of ivermectin orally * Significantly different from the non-treated group (P<0.05) than those infected with non-irradiated ones. In the latter, a significant decrease in mean body weight was observed from 23 weeks after infection. At autopsy, there was a significant difference in the mean body weight of the groups infected with the non-irradiated and with irradiated larvae. In the non-irradiated group, external pathological changes in the lungs were observed even in the cardiac and apical lobes (Fig. 4) . In contrast, the other three groups infected with irradiated larvae showed gross lesions extending only to the lower part of the left lobe. There was a significant difference in lung weight between groups infected with non-irradiated and irradiated larvae, but none for heart weight. There was a significant decline in the number of recovered male worms after 5000 R irradiation but the number of females did not decrease. There were significant differences in the sum of mean LPG of the non-irradiated and irradiated groups, except for the 500 R group.
Body weight in experiment B correlated inversely with the sum of mean LPG (r=-0.798) and lung weight (r=-0.862) ( Table 2 ). In addition, lung weight correlated positively with the sum of mean LPG (r = 0.783).
Experiment C. Table 4 includes the results of body weight, wet weight of rat viscera, worm recovery at necropsy and the sum of mean LPG. Treatment with ivermectin did not affect the worm burden, but significantly reduced larval output. Furthermore, rats treated 3 times showed a more marked reduction in larval output than those treated once. This treatment also prevented a marked increase in pulmonary weight and lesions. In the untreated control group, gross lesions in the lungs extended to the upper part of the left lobe and to the cardiac lobe (Fig. 5) . However, in both treatment groups, lesions were mostly in the diaphragmatic lobe and the lower part of the left:lobe. There was a significant difference in the lung weights of untreated and treated groups, but none for body or heart weight.
Body weight was inversely correlated with the sum of mean LPG (r= --0.670) and lung weight (r = -0.812). Furthermore, lung weight was correlated positively with the sum of mean LPG (r--0.899) ( Table 2) .
Discussion
In the three experiments presented, a considerable number of rats died before autopsy, mostly around the 6th week of infection with Angiostrongylus cantonensis. The second crucial time was after parasitizing the lungs for some period. Therefore, host death, which is a drastic result, can be divided into two phases during infection. The first, in the early stages of infection, could be due to factors other than the fibrous change in the lung tissues (Nishimura 1966; Alicata and Jindrak 1970; Kino 1984) .
The second might be related to the serious lesions in lung tissues. It has been reported by Nishimura (1966) that the gross lesions appearing in the lungs are directly related to increasing worm burden and increasing duration of infection. Indeed, in experiment A, the sum of mean LPG and lung weight proportionally increased in surviving rats worm burdens increased; pulmonary lesions also seemed to be more severe (Fig. 2) . In experiments B and C, gramma-irradiated larvae or an anthelmintic, ivermectin, were used. Despite having almost the same magnitude of infection (Tables  3 and 4) , the sum of mean LPG and lung weight were not similar in each group, and the lungs differed in external appearance. The first stage larval output of female worms was affected by both treatments (Ishii et al. 1985 (Ishii et al. , 1987 . Therefore, eggs produced by females and/or developed larva are probably a pathogenic factor in the lung lesions rather than the adult worm burden or the duration of infection.
A gradual loss of body weight was observed in the 40-larvae-infected rats from 26 weeks (experiment A) or 23 weeks (experiment B) after infection. There are some reports on the relation between longevity of host rats and worm density (Mackerras and Sandars 1955; Kino 1984) . Yong and Dobson (1982) have reported that the apparent difference in lung size was proportional to the number of third-stage larvae administered. In the present study, however, body weight loss corresponds better with increasing lung weight than increasing worm density. Furthermore, the increase in lung weight accords well with the increase in the sum of mean LPG, but not with worm burden.
From the relationships between body weight, lung weight, female worm burden and the sum of mean LPG, it is concluded that body weight loss is closely related to the increment of lung weight linked with the enhancement of the first-stage larvae. Inflammation around eggs produced by females results in serious fibrous changes, with granulomata surrounding eggs and larvae (Alicata and Jindrak 1970) . With the progression of the infection, infected parts of the lung parenchyma become increasingly firm and almost airless (Fig. 3) , Adult parasites then relocate themselves in other parts of the lungs and thus new areas of lung parenchyma become involved. Finally, the increasing number of areas involved considerably reduces the respiratory capacity. Thus, the rat probably suffers from respiratory failure from airway blockage caused by fibrous tissue, resulting in death. It is well known that histamine and serotonin are pharmacologically active amines (Ratnoff 1969) important to smooth muscle function in the respiratory system. Tiengkamol and Brockelman (1982) have reported that levels of histamine and serotonin in lungs infected with A. cantonensis were higher than those in control lungs. They suggested that these increased biogenic amines might help infected lungs to function better.
The present results may support body weight monitoring as one of the criteria to evaluate the efficacy of drugs. They also suggest the usefulness of developing chemotherapeutic drugs which suppress the progeny of parasites as well as cause their death.
